INTRODUCTION
Chrysanthemum morifolium, is a perennial plant, which occupies a prominent place in ornamental horticulture. Commercially, it is known as florist's Chrysanthemum or autumn of queen flower and predominantly sold as cut flowers in many countries of the world (Erler and Siegmund, 1986) . It is globally the most important floricultural crop (Visser et al. 2007) . The wide spectrum of colors and shapes, excellent vase life, and their ability to produce desired grades and types at any time during the year promoted their economic importance. In some countries, it ranks next to rose in value of the crop produced. The plant grows erect and tall making it suitable for border planting, loose flower, or as cut flowers. It is also grown in pots for flower shows.
The plant growth regulators are compounds that in minor amounts modify the physiological processes of plants and ultimately alter the yield and quality. Numerous plant growth regulators have been widely used in many flowering plants and their efficacy have been demonstrated for nursery production, foliage plants and many other ornamental plants (Sanap et al. 2000) . Among the major groups are cytokinins and gibberellins (Salisbury and Ross, 1992) .
Cytokinins are a large group of plant hormones, and benzyl adenine is one of the most active cytokinins (Buban, 2000) . It has been identified as a natural cytokinin in number of plants (Van Staden and Crouch, 1996) . Benzyl adenine has recently been used as one of other sources that can maintain or increase the quality of various ornamental plants (Han, 2001) .
Application of benzyl adenine have been shown to have effects on many other physiological and developmental processes, including leaf senescence, leaf chlorosis, increase the vase life, delaying senescence of cut carnation by inhibiting ethylene biosynthesis (Cook et al. 1985) , nutrient mobilization, apical dominance, the formation and activity of shoot apical meristems, floral development, combating drought stress in plants (Waterland et al. 2010) .
Gibberellin was first recognized in 1926 by a Japanese scientist, Eiichi Kurosawa who was studying bakanae or "foolish seedling" disease in rice (Salisbury and Ross, 1992) .
Gibberellins function as plant growth regulators influencing a range of developmental processes in plants life like stem elongation, germination, breaking dormancy, flowering, sex expression, enzyme induction and leaf and fruit senescence. Spraying of GA3 recorded maximum plant height, plant spread and more number of leaves and branches in chrysanthemum and other flowering plants, chlorophyll content, yield and quality in different flowering crops and increased in vase life (Emami et al. (2011) and Sure et al. (2012) .
The main objective of this research is to study the effect of different concentrations of benzyl adenine and gibberellic acid on the vegetative growth, flowering parameters and some chemical composition of Chrysanthemum morifolium, plant.
MATERIALS AND METHODS
The present study was carried out during the two successive seasons of 2016 and 2017 at the nursery of Department of Floriculture, Ornamental Horticulture and Landscape Gardening, Faculty of Agriculture, Alexandria University, Egypt, to investigate the effects of different concentrations of benzyl adenine (BA) and gibberellic acid (GA3) on the vegetative growth, flowering parameters and chemical composition as well as their effect on vase life of the cut flowers of Chrysanthemum morifolium, plants. The used plant for this investigation was Chrysanthemum morifolium, Ram. cultivar "Zambla White". This cultivar has a large white decorative flower (inflorescences). It was chosen for its popularity in Egypt flower-trade and for year-round production.
The terminal cuttings of the used cultivar of the two experimental seasons were obtained from a commercial nursery in Menoufia Governorate which had a length of 8-10 cm and contained 4-6 leaves and they were planted on 14 th May in plastic trays to form roots.
The planted cuttings were placed in a partial shade place and watered thoroughly. After one month (15 th June) the rooted cuttings were first transplanting in small plastic pots of 10 cm diameter for each rooted cutting. The final transplanting of the rooted cuttings took place on July 15 th in final plastic pots of 25 cm diameter filled by the used medium, using one plant per pot. The growing terminal of each plant was pinched to stimulate the growing of axillary buds to give more side branches. Another pinch was practiced two weeks later (on August 1 st ) to accelerate more basal branching. Three well distributed branches for each plant were chosen on 15 th August, for the experimental purpose. These branches were disbudded to allow only one terminal flower bud to develop per each branch. Each branch was loosely held to a short cane inserted in the pot soil. The normal culture practices of growing Chrysanthemum plant were applied as usual manner (Deotale et al. 1994) .
The used medium for planting the rooted cuttings and for the final transplanting was a mixture of sand and peat moss at the ratio of 1:1 by volume (Sajid et al. 2016) .
The physical and chemical analysis of the used growing media were done at the Unit of Analysis and Scientific Services Soil and Water Activity, Faculty of Agriculture, University of Alexandria and the results of the analysis presented in Tables  (A, B August, the spraying program with the growth regulators was started, and repeated three times at 21 days' interval (Sajid et al. 2016) .
Two growth regulators were used for this study i.e. benzyl adenine (BA) (C12H11N5) and gibberellic acid (GA3) (C19H22O6). Each growth regulator was used with four concentrations (Zero, 50, 100 and 200 ppm). The amounts of the growth regulators were dissolved in tap water and the proper concentration was applied to each plant. Each growth regulator was sprayed singly and with all possible combinations with the other growth regulator to produce 16 treatments.
The foliar application was done with a hand sprayer. The sprayer nozzle was set to the finest point to give an even mist. The plants under treatment were sprayed until the run-off point with applying the growth regulator solution to both upper and lower surface of the leaves with using "Tween 20" at 1 ml/l as a surfactant substance for enhancing the efficiency of the used materials. The spraying was done always at 8 O'clock mornings. The control treatment was sprayed at same time with tap water containing "Tween 20" at 1 ml/1.
To supply the plants with their requirements of nitrogen, phosphorus and potassium, supplementary nitrogen as ammonium nitrate (33.5 % N) at 1 g /1 plant -1 , mono-calcium superphosphate (15.5% P2O5) at 1 g/1 plant -1 , and potassium sulphate (48 % K2 O) at 0.25 g /l plant -1 were applied dissolved in tap water twice weekly started two weeks after the final transplanting until the flower buds reached a diameter of 1 to 1.5 cm (Kofranek and Lunt, 1980) . To avoid salt accumulation around the root zone, every two weeks the substrate was leached by using tap water to get out the excessive salts (Kofranek and Lunt, 1980) . Plant requirement of magnesium (Mg) and iron (Fe) was added as MgSO4 7H2O at 150 ppm and Fe-EDTA (8.5% Fe) at 75 ppm. The collected data: Vegetative growth characteristics:
Plant height (cm), number of removed auxiliary buds per plant, number of leaves per branch, leaf area (cm 2 /plant), and branch dry weight (g),. Total chlorophyll content (mg/ 100g fresh leaves) and total carotenoids content (mg/ 100g fresh leaves).
The experiment layout was designed to provide as complete randomized blocks in factorial experiment containing three replicates, each replicate contained (16) different treatments. (Four GA3 concentrations X four BA concentrations = 16). Six pots were used as a plot for each treatment in each replicate (three pots for the experiment purpose and the three other pots for the vase life determination). The means of the individual factors and their interactions were compared by L.S.D. test at 5% Level of probability (Gomez and Gomez 1984) .
RESULTS AND DISCUSSION

Vegetative growth Plant height (cm):
Generally, data of the two experimental seasons presented in Table ( 1) showed that using gibberellic acid or benzyl adenine alone at the highest concentration (200 ppm) gave the maximum plant height of Chrysanthemum morifolium cv. "Zambla White" compared with their other concentrations. While, using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the highest plant height, compared with the other treatments.
These results may be due to the role of each material alone, or there was a synergistic effect between them at suitable concentration on increasing cell division and/ or elongation or both of them. Accordingly, the plant height could be increased. Similar trend of results was found by Sajid et al. (2016) on Chrysanthemum plant.
Numbers of removed axillary buds per plant
Data of the two seasons in Table ( 1) indicated that using gibberellic acid alone at any concentration led to significant increase the number of removed axillary buds per plant, compared with the control treatment. Also, using gibberellic acid at 200 ppm gave the maximum number of removed axillary buds per Chrysanthemum plant, compared with its other concentrations in the two seasons.
These results might be due to that using gibberellic acid at a suitable concentration led to increase leaves number and leaf area per plant, then the production and the accumulation of the biosynthesis materials could be increased and activated the lateral buds to grow, consequently the number of removed buds could be increased.
Besides, data in Table ( 1) showed that using benzyl adenine at 100 ppm combined with gibberellic at 200 ppm gave the highest number of the removed axillary buds per plant, compared with the other treatments.
These results may be due to that there was a synergistic effect between the two used materials when each one was used at a suitable concentration on increasing leaf number or leaf area or both of them, consequently more biosynthesis materials could be produced and accumulated within the plant which encourage the lateral buds to grow, then their number could be increased.
Similar trend of results was reported by Alhajhof (2017) on Chrysanthemum and Vinutha et al. (2017) on China aster.
Number of leaves per plant:
Generally, data of the two experimental seasons presented in Table ( 1) indicated that using gibberellic acid at any concentration led to significant increase the number of leaves per Chrysanthemum plant compared with the control treatment. Also, using the highest concentration of gibberellic acid alone gave the maximum leaf number per plant, compared with its other concentrations. These results might be attributed to that using gibberellic acid at a proper concentration led to increase the differentiation of leaf primordial in the apical growing region (Moond and Rakesh,2006) , consequently the leaf number per plant could be increased.
While, using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the highest leaf number per plant, compared with the other treatments.
These results may be due to the role of each material or there was a synergistic effect between the two used materials when each one was used at a proper concentration on activation more leaf primordial in the growing apex to form, thus the leaf number per plant could be increased.
Similar trend of results was reported by Aier et al. (2015) and Sajid et al. (2016) on Chrysanthemum plant.
Leaf area (cm 2 /plant):
Data of the two seasons in Table ( 2) showed that increasing the used concentration of gibberellic acid led to significant increase the leaf area per plant compared with the control treatment. Also, using gibberellic acid alone at the highest concentration (200 ppm) gave the maximum leaf area per plant in the two seasons, compared with its other concentrations.
These results might be attributed to the role of gibberellic acid at a proper concentration on stimulation of cell division and cell elongation of the leaves or on increasing the number of leaves per plant, or all of them, consequently the leaf area per Chrysanthemum plant could be increased.
Also, data of the two seasons in Table ( 2) indicated that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the largest leaf area per plant, compared with the other treatments.
These results may be due to the role of each material alone, or there was a synergistic effect between them at a specific concentration on increasing leaf number or size or both of them, consequently the leaf area per plant could be increased. Similar trend of results was reported by Shisaenla et al. (2015) on Gladiolus cv. Red Candyman.
Branch dry weight (g):
Generally, data of the two experimental seasons presented in Table ( 2) showed that using each of benzyl adenine alone at concentration more than 50 ppm or gibberellic acid at any concentration led to significant increase the branch dry weight of Chrysanthemum plant, compared with control treatment. Besides, using the two growth regulators combined at any concentration for each one gave significant increase of the branch dry weight of Chrysanthemum plant more than that of using each material alone. Also, data of the two seasons in Table ( 2) indicted that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the maximum value of branch dry weight of Chrysanthemum plant, compared with the other combinations.
These results were probably due to that using the two growth regulators combined each at a proper concentration led to encourage plant growth and increase the activity of photosynthesis process in Chrysanthemum plant or both of them, consequently the branch dry weight could be increased.
These results are in accordance with those of Sardoei et al. (2014) on other plant.
Flowering characteristics
Generally, data of the two seasons presented in Table ( 3) showed that using gibberellic acid at any concentration led to decrease the time taken to flower buds showing their color, compared with control treatment. Besides, using gibberellic acid alone at 200 ppm gave the shortest period for flower buds to show their color. The previous treatment led to decrease the time taken to flower buds showing color with 8.55 and 7.45 days, in the first and second seasons, respectively.
These results were probably due to that using gibberellic acid at a suitable concentration led to accelerate the iniation and development phases of the inflorescence of Chrysanthemum plant, accordingly the inflorescence could be reached its show color stage early.
Similar trend of results was reported by Patel et al. 2010) and Sharifuzzaman et al. (2011) on Chrysanthemum plant.
Time taken to full opening stage (day)
Generally, data of the two seasons presented in Table( 3) indicated that using benzyl adenine alone at concentration more than 50 ppm led to significant decrease the period taken from showing color stage of the inflorescence to reach its full opening stage, compared with control treatment. Besides, data of means of the two seasons in Table  ( 3) showed that using benzyl adenine at concentration of 200 ppm gave the shortest period to full opening stage of the inflorescence compared with its other concentrations.
These results were probably due to that using benzyl adenine at a suitable concentration led to accelerate the development phases of the inflorescence; accordingly, the inflorescence could be reached to full opening stage early.
Similar trend of results was found by Nambiar et al. (2012) and Soumen and Nilimesh (2014) on other plants.
Furthermore, data of the two seasons presented in Table ( 3) showed that using gibberellic acid alone at any concentration led to significant decrease the time taken from showing color stage of the inflorescence to reach its full opening stage, compared with control treatment. Also, using gibberellic acid at 200 ppm gave the shortest period from showing color stage of the inflorescence to reach its full opening stage, compared with its other concentrations.
These results were probably due to that using gibberellic acid at a proper concentration led to accelerate the development phases of the inflorescence of Chrysanthemum plant, consequently the needed period from showing color stage to full opening stage of the flower buds could be decreased.
Similar trend of results was reported by Dutta et al. (1993) Saker (1995) , Patel et al. (2010) and Aier et al. (2015) on Chrysanthemum and other plants.
Besides, data of the two seasons in Table ( 3) revealed that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the shortest period needed to full opening stage of the inflorescence, compared with the other treatments. These results may be due to the synergistic effect between the two materials at a specific concentration for each one on acceleration the inflorescence to reach its full opening stage early.
Inflorescence diameter (cm)
Generally, data of the two seasons in Table  ( 3) showed that using gibberellic acid at concentration more than 50 ppm led to significant increase the inflorescence diameter of Chrysanthemum plant, compared with the control treatment. Besides, using gibberellic acid alone at 200 ppm gave the maximum inflorescence diameter, compared with its other concentrations.
These results were probably due to that using gibberellic acid at a proper concentration led to extend the length of ray florets, or promote more initiated florets per capitulum or both of them, accordingly the diameter of the inflorescence of Chrysanthemum plant would be increased. Similar findings were reported by Sainath and Meena (2012) and Sajid et al. (2016) on Chrysanthemum plant.
Besides, data in Table ( 3) revealed that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the largest inflorescence diameter of Chrysanthemum plant, compared with the other treatments.
These results may be due to the synergistic effect between the two used materials at a specific concentration for each one on activation the vegetative growth of Chrysanthemum plant, thus the flower quality could be increased. 
Flowering duration on the plants (day)
Generally, results of the two seasons presented in Table ( 4) showed that using benzyl adenine alone at 100 ppm gave the longest flowering duration of Chrysanthemum plant, compared with its other concentrations.
These results were probably due to that using benzyl adenine at a proper concentration led to increase the inflorescence life or delaying the senescence of the flower or both of them as a result the flowering period (duration) could be increased.
These results were a good agreement with these concluded by Guo et al. (2003) on Chrysanthemum, and Baghele et al. (2012) on rose.
Besides, data of the two seasons in Table ( 4) revealed that using gibberellic acid alone at a concentration ranged between 50 to 100 ppm gave the maximum flowering period of Chrysanthemum plant, compared with its other gibberellic acid concentrations.
These results might be due to that using gibberellic acid at a suitable concentration led to delay flower senescence by reducing ethylene production and chlorophyll breakdown, consequently the flowering period could be increased.
Similar trend of results was reported by Kjonboon and Kanlayanarat (2005) and Mayak et al. (2006) on other plants.
Furthermore, data of the two seasons presented in Table ( 4) indicated that using benzyl adenine at 50 ppm combined with gibberellic acid at 200 ppm led to significant increase the flowering period of Chrysanthemum plant, compared with the other combinations.
These results were probably due to the role of each material when it used at a suitable concentration, or there was a synergetic effect between them on delaying flower senescence and inhibition chlorophyll and protein degradation, consequently the flowering period could be increased.
Similar trend of results was reported by Mondal and Sarkar (2017) on other plants.
Inflorescence dry weight (g)
Generally, data of the two experimental seasons presented in Table ( 4) indicated that using benzyl adenine at concentration more than 50 ppm and/or gibberellic acid with any concentration alone or in combination together led to significant increase the inflorescence dry weight of Chrysanthemum morifolium plant, compared with the control treatment. Besides, using benzyl adenine at 100 ppm combined with gibberellic acid at 100 or 200 ppm gave the maximum inflorescence dry weight, compared with the other concentrations in the two seasons.
These results were probably due to that using benzyl adenine and gibberellic acid combined each one at a suitable concentration led to increase the florets number per head or size or both of them, consequently the dry weight of the inflorescence of Chrysanthemum plant would be increased. Similar findings were reported by Sainath and Meena (2012) and Sajid et al. (2016) on Chrysanthemum plant.
Vase life of the cut inflorescences (day)
Generally, data of the two seasons in Table ( 4) indicated that using gibberellic acid at any concentration led to significant increase the period of the vase life of the cut inflorescence of Chrysanthemum plant, compared with the control treatment. Besides, using gibberellic acid at 200 ppm gave the maximum value of the vase life of the cut inflorescence compared with its other concentrations in the two experimental seasons.
These results were probably due to that using gibberellic acid at a suitable concentration led to delay the florescence's senescence and reduce ethylene production in the cut inflorescence, consequently the inflorescence duration in the vase could be increased.
Similar trend of results was reported by Kjonboon and Kanlayanarat (2005) and El-Bably (2016) on other plants.
Besides, data of the two seasons in Table (4) showed that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the longest vase life of the cut inflorescence, compared. with the other treatments.
These results may be due to the synergistic effect between the two used materials at a suitable concentration for each one on delaying the inflorescence's senescence through reducing its ethylene production, consequently the vase life of the cut inflorescence could be more prolonged.
Chemical analysis
Total chlorophyll content (mg/100g leaves fresh weight)
Generally, data of the two seasons presented in Table ( 5) showed that using gibberellic acid at any concentration led to significant increase the total chlorophyll content of Chrysanthemum leaves, compared with the control treatment. Besides, using gibberellic acid at 200 ppm gave the maximum value of total chlorophyll content of the leaves of Chrysanthemum plant, compared with its other concentrations.
These results might be attributed to that using gibberellic acid at a proper concentration led to active the enzymes needed for chlorophyll formation and/or it reduced the degradation of chlorophyll as reported by Janowska and Jerzy (2003) , or both of them, accordingly the total chlorophyll content of Chrysanthemum leaves could be increased. Similar trend of results was reported by Hussein (2009 ), Mohamed (2011 and Roni and Singh (2013) on other plants.
Besides, data of the two seasons in Table ( 5) revealed that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the highest chlorophyll content in Chrysanthemum leaves, compared with the other treatments.
These results may be due to the role of each material or there was a synergistic effect at a suitable concentration of each material on increasing the synthesis and decreasing the degradation of chlorophyll or both of them, consequently the total chlorophyll content in Chrysanthemum leaves could be increased.
Total carotenoids content (mg/100g fresh leaves)
Generally, data of the two experimental seasons presented in Table ( 5) showed that using benzyl adenine at concentration more than 50 ppm led to significant increase the total carotenoids content of Chrysanthemum leaves, compared with the control treatment. These results may be attributed to that using benzyl adenine at a proper concentration led to accelerate the synthesis of carotenoids, besides, it protects the degradation of photosynthetic pigments, consequently the total carotenoids in the leaves of Chrysanthemum plant could be increased. Similar trend of results was reported by Talaat and Youssef (1998) on Hibiscus sabdariffa plant.
Besides, data of the two experimental seasons in Table ( 5) indicated that using gibberellic acid at any concentration led to significant increase the total carotenoids content in Chrysanthemum leaves, compared with the control treatment. Also, using gibberellic acid at 200 ppm gave the maximum value of total carotenoids in the leaves, compared with its other concentrations.
These results may be due to that using gibberellic acid at a proper concentration led to activate the formation of carotenoids in the leaves of Chrysanthemum plant, consequently the total carotenoids in the leaves could be increased.
Similar trend of results was reported by Eid and Abou-leila (2006) , and Mohamed (2011) on other plants.
Furthermore, data of the two seasons in Table  ( 5) indicated that using benzyl adenine at 100 ppm combined with gibberellic acid at 200 ppm gave the highest carotenoids content in Chrysanthemum leaves, compared with the other treatments.
These results were probably due to the role of each material or there was a synergistic effect between the two materials when each one was used at a specific concentration on activation the synthesis and protection the carotenoids from degradation, thus their content in the leaves could be increased. 
